as absolutely correct in conjunction with proteins during the simulation, because essentially no ion are parameterized based on the interactions with proteins. Therefore, in discussion about ions' effects related to the proteins, as long as the model could reproduce currently accepted experiment observables, it could be considered as validation.
S2. POTENTIAL OF MEAN FORCE
Potential of Mean Force is associated with the reversible work necessary to bring two particles, from an infiniteseparation to a close contact. 5 The connection between the PMF and free energy can be found in early work by Kirkwood 6 as expressed in Equation 1 . Recently, a refined expression has been discussed by Wong et al:
where V is the potential energy and q ξ is the generalized coordinate so the first term represents the negative value of mean force exerted on the reaction coordinate of interest and integration of the mean force along the domain of the reaction coordinate produce the PMF. The second term is due to the volume scaling of the transformation from
Cartesian to generalized coordinates. The last term is considered as Leibnitzian contribution, which accounts the interchange of integral and differential operators during Jacobian transformation. In our current study, since the Cartesian representation of reaction coordinate is retained, the Jacobian and Leibniz terms vanish. For this case, Equation 2 returns to Equation 1, so the thermodynamic free energy equals to the PMF. Thus we discuss the PMF in terms of the free energy for the remainder of the paper.
S3. FIXED PROTEIN AND FIXED ION SIMULATION
For a comparison, we performed another set of simulation with both anion and protein fixed during the simulation.
Initial structure and position of HFBII protein remain identical as restrained protein case with most hydrophobic S3 interface perpendicular to the z direction of the box. Figure 3A , Supporting Information, it depicts the PMF for single Cl − /I − approaching the hydrophobic protein-solvent interface and in Figure 3B , it is the fluctuation profile at (x = 0, y = 0) as a function of anion Z-position for Cl − and I − in this case. For both PMF profiles and fluctuation profiles, they actually match well with that from restrained anion simulation, which is a strong verification of the restrained simulation protocol.
S4. VERIFICATION OF FLUCTUATION ALGORITHM
In this section, we further verify the algorithm of interfacial fluctuation. First, we want to probe the ion size dependence issue. We consider single Cl − /I − fixed at the position of z = 19Å, with the frozen of the water molecules around the ion's first hydration shell. We select this separation because judging from Figure 5B in the main test, the first hydration shells of both Cl − and I − keep intact. This includes 8 water molecules around Cl − and 9 water molecules around I − . In this way, we could consider that there should be no differences of malleability of the hydration shell around Cl − and I − since they are both fixed. Therefore, the fluctuation difference will come from the size effect.
In Table 4 To further validate our algorithm, we consider the criteria to define the interface. Previously, points are defined to belong to the interface if ρ(r 0 , θ, φ) = 0.6ρ bulk . We test another way to define the interface with ρ(r 0 , θ, φ) = 0.5ρ bulk .
The fluctuation profile is shown in Figure 6A nonsurface stable Cl − . Finally, we computed the entropic contributions -T∆S as a function of z position as single anion approaching the hydrophobic protein interface. For range of small temperature change, we could consider enthalpic contribution (∆H) and entropic contribution (-T∆S) as constant values. As a result, we could get entropy by using free energy data at 300K and 310K in the following equation:
Based on this, entropic component (-T 300 ∆S) contribution profiles at 300K could be further obtained and shown in 
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